We propose a method for dating of growth seasons of Siberian larch (Larix sibiricaLedeb
Introduction
Gypsy moth (Lymantria dispar L.:
Lepidoptera: Erebidae) is one of the most serious defoliating forest pests forming extensive and devastating outbreaks in the northern hemisphere (Staudt and Lhoutellier, 2007; Mcewan et al., 2009 ). The periodicity of outbreaks and the area of infested forests can vary significantly. Trees at the forest-steppe ecotone in the semiarid northeastern Asia are regularly subject to gypsy moth outbreaks (Gninenko and Orlinskii, 2003) .
Since the forest-steppe ecotone in southern Siberia, Kazakhstan, and Mongolia forms the southern, presumably drought-induced limit of the Siberian taiga (Gunin et al., 1999; Dulamsuren et al., 2009) , any additional stressor could be highly relevant for the spatiotemporal vegetation dynamics of the forest-steppe ecotone (Dulamsuren et al., 2010) .
The main host of L. dispar in Eastern Siberia
(the region in which this study was conducted) is silver birch, Betula pendula Roth. Older larvae feed on several species of coniferous trees that younger larvae avoid, including larch and pine (Rozhkov and Vasilyeva, 1982; Baranchikov, 1989) .
The effects of defoliation depend primarily on the amount of foliage destructed, the condition of the tree at the time of defoliation, the number of consecutive defoliations, available soil moisture, and the host species. If less than 50% of their crown is defoliated, most deciduous trees will experience only a slight reduction (or loss) in radial growth. If more than 50% is defoliated, most hardwoods will refoliate or produce a second flush of foliage by midsummer. Healthy trees can usually withstand one or two consecutive defoliations of greater than 50%. Trees that have been weakened by previous defoliation or been subjected to other stresses such as droughts are frequently killed after a single defoliation of more than 50% (Rozhkov and Vasilyeva, 1982; Rozhkov et al., 1991) . Various methods exist to retrospectively study foliage status in conifers. Most frequently these methods rely on the use of radial tree increment as an indicator. Reductions in treering width following gypsy moth infestations have been previously shown for several tree species (Muzika and Liebhold, 2001; Naidoo and Lechowicz, 2001) , as well as for larch trees infested by other insect species (Baltensweiler et al., 1977; Baltensweiler et al., 2008; Buentgen et al., 2009) . We successfully applied this method to study defoliation of larch forests (Larix sibirica
Ledeb.) in Eastern Siberia by Zeiraphera griseana
Hbn and Erannis jacobsoni Djak (Pleshanov et al., 1991) .
In the beginning of the 1990s, the new needle trace method (NTM), a method for the retrospective assessment of needle retention on pine trees, was developed (Kurkela and Jalkanen, 1990) . Analysis of covariance conducted as part of the NTM showed that logarithmically transformed needle density and the average age of attached needles had the highest significant negative correlation with radial and height increments both in the period prior to the defoliation and at the time when trees suffered defoliation.
Relationships between height increment and the number of needles and needle loss were positive and significant. NTM allows quantifying longterm variation in needle retention on a single tree. It has been used for revealing past needlecast epidemic (Jalkanen et al., 1994a ) and a longterm negative impact of air pollution on needle retention (Jalkanen, 1996) . Additionally, the NTM has produced the chronology of needle retention in two pine stands in England (Jalkanen et al., 1994b) and in numerous stands in northern and southern Finland (Jalkanen et al., 1995) . It bears reproductive structures and/or leaves and is also known as a spur. It is a typical structure of gymnosperms, but it can also be found in several angiosperm families (Dylis, 1958) . Larch brachyblasts undergo two development stages (Rozhkov et al., 1991) . Seedlings of the current year develop a growth bud, which transforms to a real brachyblast the following year. It bears a wintering bud on the apical part by the end of the vegetation season. Along the central axis of the primary growth bud there is a cavity with a resin receptacle on either side (Fig. 1) . Brachyblast forms these structures in an annual increment. (Fig. 2) .
Materials and methods

In
The brachyblast stalk has distinct cavities, compartments of bud growth separated by cross-walls and representing annual increments.
The brachyblast stalk is surrounded by resin receptacles confined by similar cross-walls.
In an undamaged brachyblast the number of 
Results and discussion
The study area was infested at different times by various dendrophilous species such as Z. griseana, Dasychira abietis Schiff., Maera anastomosis L., and Leucoma salicis L. The outbreak areas are vast and damage inflicted generally does not cause tree mortality. The tree ring curves on Fig. 3 shows that Z. griseana outbreaks were in these forest-steppe zone: in 1958 , 1961 , 1966 , 1971 , 1975 , 1978 , 1981 , 1987 (Pleshanov et al., 1991 ) and 1988 , 1995 . The increment decline following each defoliation was Vasil'yeva and Pleshanov, 1975) .
New needles can develop from the already formed wintering buds -the brachyblasts -in response to defoliation during the growing period caused by insects, phytopathogenic fungi, or toxic gases (Pleshanov, 1982) . Triggering the development of new needles from brachyblasts produces two seasonal increments in the year of damage, similar to the formation of a false growth ring in the year of crown damage. Formation of two annual increments in brachyblasts may take place during several succeeding years, which make three year old brachyblasts appear as six year olds if calculated from their number of increments.
Frequent defoliation and related secondary
formation of needles provoke early degeneration of brachyblasts (Gunin et al., 1999) .
The results of the analysis of brachyblast seasonal increments for 12 trees show that in the fourth year of repeated defoliation the number of brachyblasts in all trees decreased. This is a direct consequence of reducing the length of auxiblasts (McManus et al., 1992) . Unfortunately, we had not measured the length of auxiblasts.
At the same time trees are known to respond to defoliation quite differentially. An old growth tree shows less ability to regenerate its needles after defoliation by caterpillars of L. dispar. The To illustrate our points further, we consider more detailed data for trees 1 and 12 (Table 1) .
Tree 1 had a greater number of its brachyblasts (47) perished on shoots after the first defoliation. can be identified depends on the brachyblasts' life cycle. Despite the evidence that their life cycle may reach 40 years (Rozhkov et al., 1991; Dylis, 1958) , our research suggests 20 years for which a distinct identification of the number of seasonal increments of brachyblasts is possible.
The proposed method allows retrospective identification of the years of larch crown damage by defoliating not only from insects, but also from fungi or toxic gases in case of early summer (June) and summer (early August) defoliation.
Wintering buds are already formed during this period, so defoliation and elimination of its inhibiting impact on the growth of wintering buds results in their fast regeneration.
